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A method has been described whereby tuberculin PPD is linked to formalin- 
ized erythrocytes by a  coupling agent,  tetrazotized benzidine  (1). These anti- 
gen-coated erythrocytes are agglutinated by antibody to PPD. It was observed 
that  PPD  could  inhibit  the  hemagglutination  more  effectively  than  could 
polysaccharide I. It appears,  therefore, that the antibody concerned is directed 
toward  the  protein  portion  of  the  tubercle  bacillus.  This  antigen-antibody 
system is presumably different from that measured by the Middlebrook-Dubos 
technique  (2).  In the latter,  polysaccbaride I  effects inhibition  more strongly 
than does tuberculoprotein; and the antibody involved appears to be directed 
toward a  polysaccharide antigen (3). 
The present study deals with the use of the sensitized, formalinized red cells 
for the diagnosis for tuberculosis. The stability of the antigen preparation, and 
the  omission of an adsorption procedure  to remove isoagglutinins  contribute 
to the simplicity of the method. 
EXPERIMENTAL 
Tuberculous PaHents.--These were hospitalized  patients  on the Tuberculosis  Service of 
the Boston City Hospital.  All patients  included in this series met the two following criteria: 
(a) recent onset of infection in so far as could be determined, or recent exacerbation in those 
with  a  previous  history,  and  (b)  isolation  of Mycobaaeri~um tuberculosis from  sputum  or 
gastric washings done within 60 days of the time the blood specimen was drawn. Many pa- 
tients  had  received no chemotherapy,  and  none  had  received treatment  for more than 4 
weeks. A total of 124 patients  was studied.  All had pulmonary  tuberculosis, and in most 
eases  the  disease was  extensive.  Another  24 patients,  from whom M.  tubemulos/s  was not 
isolated, were observed as a separate group. 
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Non-Tuberculous Patients.--These  were hospitalized patients on the Medical and Surgical 
Services of the Peter Bent Brigham Hospital, and represented a  wide variety of diseases. A 
total of 139 patients was studied. None had received a  tuberculin skin test within 30 days 
of the time the blood specimen was drawn. Most were skin tested afterward? 
Tuberculin PPD-Sensilized, Formalinized Erythvocytes.--Methods  of preparation and use 
have been described previously  (1).  Method A  preparations were  stored at  --40"C.  for 6 
weeks. Method B  suspensions were kept in the refrigerator for as long as 2~  weeks. 
Unsensitized Formalinized Erythrocytes.--These  were  prepared  according to  methods  A 
and B  respectively, with the procedure for coupling tuberculin PPD  omitted. 
Preparation of Sera.--The method of preparation has been described previously (1). Sera 
were not adsorbed with unsensitized formalinized cells. 
Performance of Test.--This has been described in detail in the previous manuscript (1). 
Sera were studied in duplicate, using two different sensitized cell preparations. One of these 
preparations was a few days old, and the other, from 2 to 6 weeks, In 50 instances, sera were 
done in triplicate, the third aliquot being tested with unsensitized, formalinized cells.  Sera 
from tuberculous and non-tuberculous individuals were tested as routine in approximately 
equal numbers. 
Two antigen preparations were used, differing in certain particulars. In series 
I, performed first, antigen prepared by method B was used. In series H, anti- 
gen prepared by method A was employed. The two series are described sepa- 
rately. 
Ser/es I 
This group comprised 85  tuberculous and 86 non-tuberculous individuals. 
Results are summarized in Table I. A titer of 1:40 was considered significant. 
Tuberculous Patients.--As may be seen in Table I, 62 patients, or 71 per cent, 
had titers of 1:40 or greater. The group having titers of 1:20 comprised 8 per 
cent, which was the same percentage as the normals with that titer. No definite 
correlations could be made between titers and duration of disease or length of 
treatment,  because  of  the  definitions of this  group.  No  obvious correlation 
between titer and severity of infection was noted, but most patients had fairly 
severe disease. Titers were not compared with erythrocyte sedimentation rate 
or fever. 
Non-Tuberculous Patients.--It may be seen in Table I  that 68 per cent had 
titers of less than 1:5, and 90 per cent fell into a group of 1:10 or less. There 
were two patients  (2 per cent) with titers of 1:40, and no higher titers were 
observed. 
Most of the patients that were skin-tested had a positive tuberculin reaction. 
There was no obvious correlation between titers and skin  reactivity. A  sub- 
division of the control patients is shown in Table II. The non-tuberculous lung 
disease group was defined as symptomatic pulmonary disability, either acute 
or chronic. The group listed under Pulmonary calcifications had small calcific 
1 0.1 ml. of tuberculin PPD, second strength. Kindly donated by Sharpe and Dohme Divi- 
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densities in areas of the lung where tuberculosis is most prone to occur, but pre- 
sented no history of this infection. These patients,  presumed  to have healed 
minimal lesions,  presented no titers above 1: 5. It may be noted that the heart 
and lung disease groups accounted for both of the 1:40 titers, and 3 out of the 
TABLEI 
Summa~S~IPagC, ents 
rotal. 
Titers 
0 $ 
5 
10 
20 
4O 
80 
160 
320 
64O 
Tuberculous 
No.  Per  cent 
13  15 
0  0 
5  6 
7  8 
22  26 
21  25 
13  15 
1  1 
3  4 
85  100 
Non-tuberculous 
No.  Per cent 
58  68 
6  7 
13  15 
7  8 
2  2 
0  0 
0  0 
0  0 
0  0 
86  100 
*Less than 1:5. 
TABLE II 
Distribution of Titers in Control Group Series 1 
Patients 
Non-tuberculous lung disease... 
Cardiac decompensation. 
Pulmonary calcifications.. 
Remainder of controls. 
Total 
No. 
11 
11 
8 
56 
0* 
NO.  Rer 
cent 
7  64 
5  46 
7  85 
39  70 
5 
No.  Per 
cent 
1  9 
0  0 
1  14 
4  7 
Titers 
10 
No.  Per 
cent 
0  0 
4  36 
0  0 
9  16 
20 
No.  Per 
cent 
2  18 
1  9 
0  0 
4  7 
40 
No.  Per 
cent 
!  9 
1  9 
0  0 
0  0 
7 1:20 readings. Of the two patients with titers of 1:40, onehad multipleareas of 
atelectasis in both lungs, and the other had arteriosclerotic heart disease. 
Tuberculous  Patients  with  Negative  Culture Examinations.--In  11  patients 
under study on the tuberculosis ward, no positive cultures for M. tuberculosis 
were obtained during the time limits set for the present series. Their titers were 
none-the-less correlated with the medical evaluation reached by x-ray studies 
and general  clinical criteria.  Three categories were assigned  to this group of 
patients and defined as follows: inactive, active, and fragile. The latter referred 
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history of frequent relapses. Table III summarizes these data. Of 6  patients 
judged inactive 2  had significant titers, as did 4  out of 5 patients considered 
fragile. 
TABLE III 
Patients with Negative Cultures 
Corrdation of Titers with Clinical Evaluation of Activity 
Series I 
Patient  Titer  Clinical evahmfion* 
A. F. 
J.B. 
J. Br. 
R.O. 
J.H. 
W.H. 
C.B. 
J.C. 
J.P. 
H.E. 
P.C. 
o~ 
80 
4O 
80 
80 
640+ 
64O+ 
20 
0 
20 
0 
I 
I 
I 
F 
F 
F 
F 
I 
I 
F 
I 
* I, inactive; F, fragile. 
Less than 1:5. 
TABLE IV 
Summary of Series H  Pat~ats 
Titerl 
0* 
5 
10 
20 
4O 
80 
160 
320 
640  + 
No. 
1 
1 
0 
0 
11 
13 
8 
2 
3 
Per cent 
Tuberculous  Non-tuberculous 
3 
5 
0 
0 
28 
31 
20 
5 
8 
Total.  .  39  100 
* Less than 1:5. 
No.  Per cent 
35  66 
8  15 
5  9 
3  6 
2  4 
0  0 
0  0 
0  0 
0  0 
53  100 
Series H 
This series  comprised 39  tuberculous and  53  non-tuberculous individuals. 
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Tuberculous Patients.--It may be seen that 37, or 92 per cent, of this group 
had significant titers. As in series I, the 1: 40 to 1:160 range contained most of 
the patients. 
TABLE V 
Distribution of Tilers in Control Group, Series II 
Patients 
Non-tuberculous lung disease... 
Cardiac decompensation.  .. 
Pulmonary calcifications.  .. 
Remainder of controls. 
Total 
No. 
11 
4 
5 
33 
0 
No.  Per 
cent 
7  64 
1  25 
4  8O 
23  70 
Titer 
5 
No.  Per 
cent 
2  18 
2  5O 
1  2O 
3  9 
10 
No.  Per 
cent 
0  0 
0  0 
0  0 
5  15 
2O 
1  9 
0  0 
0  0 
2  6 
40 
No.  Per 
cent 
i  9 
1  25 
0  0 
0  0 
TABLE VI 
Patients with Negative Cultures 
Correlation of Titers with Clinical Evaluation of Activity 
Series II 
Patient  Titer  Clinical  evaluation* 
R.F. 
G.L. 
H.I. 
T.M. 
V.F. 
J.H. 
W.H. 
T.B. 
J.R. 
H.W. 
M.R. 
A.M. 
J.K. 
5 
o~ 
8O 
0 
0 
4O 
0 
5 
4O 
5 
20 
64O 
4O 
I 
A 
I 
I 
I 
F 
F 
A 
F 
I 
F 
F 
A 
* I, inactive; F, fragile; A, active. 
Less than 1: 5. 
Non-Tuberculous Patients.--Table IV shows that 66 per cent had titers of less 
than 1:5, and 90 per cent were contained in a group of 1:10 or less. This inci- 
dence is identical with that of the control patients in series I. Two patients (4 
per cent) had titers of 1:40, and no higher values were obtained. 
Table V correlates titers with non-tuberculous  lung and heart disease. Of the 
two patients with values of 1:40, one had mitral stenosis with cardiac decom- 652  COUPLING  PROTEIN  ANTIGENS  TO  ERYTHROCYTES.  II 
pensation and pleuml effusion. The other had carcinomatosis of the left lung 
with complete collapse. This patient underwent resection of the left lung. A 
primary complex with no evidence of activity was noted as an incidental find- 
ing.  Another patient,  with presumed active tuberculosis, was pertinent.  She 
had cardiac decompensation on entering the hospital, and two different serum 
specimens taken at that time were 1:640+.  After the pulmonary congestion 
had cleared, two separate serum specimens were 1:80 and 1:160. 
Tuberculous Patients with Negative Cultures.--13 patients were not included 
in the tuberculous series because culture studies failed to demonstrate M. tuber- 
culosis within the time limits set for that group. Their titers were correlated 
with clinical evaluation as shown in Table VI. Of 5 patients considered inactive, 
one had a significant titer. One out of 3 patients judged active had a significant 
titer, as did 3 of the 5 fragile patients. 
Control Observations of Serum and Antigen 
In 50 instances, the serum titers to unsensitized, formalinized erythrocytes 
were measured. No titers greater than 1:5 were observed, and most were less 
than 1:5. The titers of these sera with PPD-sensitized cells, as reported in the 
present study, were not corrected for 1:5 readings with unsensitized cells. 
Duplicate determinations, using different sensitized cell preparations, dem- 
onstrated that ceils stored for up to 6 weeks were as potent as recent prepara- 
tions. Titer differences of more than a single twofold dilution occurred in only 
2 per cent of instances. Usually the results were identical. 
DISCUSSION 
It would appear that the present technique warrants further appfication as 
a  diagnostic test for tuberculosis. Significant titers occurred in 92 per  cent of 
the tuberculous patients in series II, compared with 71 per cent in series I. It 
was felt that the antigen suspension prepared by method A was an improvement 
over the method B, and might have accounted for the differing results of the 
two series. It was of interest that the determinations from the non-tuberculous 
patients in the two series were almost identical. Only 4 out of 139 non-tubercu- 
lous individuals had titers of 1: 40, and none were higher. 
The present trial study was designed in part to demonstrate the significance 
of isoagglutinins  in  the  sensitized,  formalinized  erythrocyte technique.  The 
determinations from 139 non-tuberculous patients indicate that  isoagglutinins 
produced titers of but low magnitude. It would not appear necessary to adsorb 
test  sera  with  unsensitized, formalinized red  cells.  Actually,  it  is yet to be 
determined  whether  such  adsorption  might  remove antibody  to  tuberculin 
PPD, through non-specific adherence of serum proteins to the surfaces of these 
cells.  It would however, seem worthwhile to test all sera with both sensitized 
and unsensitized cells, and subtract the titer of the latter from that of the for- L.  R.  COLE,  3.  J.  MATLOFF,  AND  V.  R.  FARRELL  653 
mer. Such a correction would be important if the titer with the sensitized cell 
antigen were, for example, 1:40. 
It appeared  that elevated titers may result from lung disease other than 
tuberculosis, and from cardiac decompensation. There was no evidence of cross- 
reactivity with other bacterial antigens, as has been noted in the Middlebrook- 
Dubos test (4, 5). However, a  much larger series  will be required to evaluate 
these various possibilities. 
In the present series, blood specimens were centrifuged at 4°C. within 2 hours 
of being drawn, and sera were kept at 0-2°C. This precaution was taken because 
the effect of heat upon the particular antibody system involved has not been 
completely investigated. 
The present technique may find use in the evaluation of a patient's course 
under therapy. Changes in clinical status might be accompanied by character- 
istic alterations in the serum titer. 
SUMMARY 
A  serological technique, using formalinized red cells  coupled to tuberculin 
PPD as antigen, has been assayed in a  trial series of 124 tuberculous and 139 
non-tuberculous patients.  The  stability of the antigen preparation,  and  the 
omission of an adsorption procedure for the removal of isoagglutinins facilitated 
the performance of the test. The results indicate that the technique warrants 
further trial as a diagnostic criterion of infection tuberculosis. 
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